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The thermodynamics of irreversible processes in continuous media predicts the existence of a
Magnetic Nernst effect that results from a magnetic analog to the Seebeck effect in a ferromagnet
and magnetophoresis occurring in a paramagnetic electrode in contact with the ferromagnet. Thus,
a voltage that has DC and AC components is expected across a Pt electrode as a response to the
inhomogeneous magnetic induction field generated by magnetostatic waves of an adjacent YIG slab
subject to a temperature gradient. The voltage frequency and dependence on the orientation of the
applied magnetic induction field are quite distinct from that of spin pumping.
I. INTRODUCTION
In spincaloritronics, there has been recently quite some
interest in the study of the propagation of spin waves
across a ferromagnetic film in the presence of a tempera-
ture gradient1,2. For a configuration where the external
magnetic induction field is parallel to the temperature
gradient, the propagation of magnetization waves induces
a magnetic induction field of magnitude proportional to
the temperature gradient. Since the Seebeck effect refers
to an electric field induced by a temperature gradient,
this effect demonstrated in a YIG slab3 can be called the
Magnetic Seebeck effect.
The Magnetic Seebeck effect is a dynamical effect re-
sulting from the precession of the magnetization. Thus,
it should not be confused with the Spin Seebeck effect4–8
where the magnetization is at equilibrium. A theoreti-
cal model of the Spin Seebeck effect was established by
Adachi et al.9 in a quantum framework, while Schreier et
al.10 attribute the effect to a difference in the tempera-
tures of the lattice and the magnetization.
Here, we point out that the thermodynamics of irre-
versible processes in a magnetic continuous medium11
predicts that the electrostatic potential depends on the
gradient of the magnetic induction field applied to it.
This is a consequence of the magnetophoretic force ex-
erted on a magnetized charge carrier. Magnetophoresis is
commonly used in electrochemistry12 and biophysics13.
The Magnetic Seebeck effect implies the existence of a
magnetic induction field normal to the interface between
the ferromagnet and the electrode. Thus, the magne-
tophoretically induced electric field, the thermally in-
duced magnetic induction field and the temperature gra-
dient are orthogonal to one another as in the Nernst ef-
fect. Hence, we call it the Magnetic Nernst effect14. Here,
the YIG ferromagnet is an insulator and the Pt electrode
is a paramagnetic conductor. The Magnetic Nernst ef-
fect is thus a combination of the Magnetic Seebeck effect
presented in reference3 and magnetophoresis15. It is to
be distinguished from the anomalous Nernst16 effect and
from the planar Nernst effect17.
As shown below, the composition of these two effects
results in a voltage that has a DC component and an AC
component oscillating at twice the frequency of the mag-
netization. The maximum amplitude occurs when the
magnetic induction field applied to carry the ferromag-
netic resonance is oriented with a 45◦ angle with respect
to the orientation of the electrode and of the temperature
gradient.
II. MAGNETIC SEEBECK EFFECT
As shown below, the composition of these two effects
results in a voltage that has a DC component and an AC
component oscillating at twice the frequency of the mag-
netization. The maximum amplitude occurs when the
magnetic induction field applied to carry the ferromag-
netic resonance is oriented with a 45◦ angle with respect
to the orientation of the electrode and of the temperature
gradient.
For the sake of clarity, we recall here in what sense
a magnetic induction field is induced by an out-of-
equilibrium magnetization in a temperature gradient.
The formalism presented in reference11 implies the exis-
tence of a magnetic counter-part to the well-known See-
beck effect, where a magnetic induction field B T is in-
duced by a temperature gradient ∇y T in a YIG slab in
the presence of an oscillating magnetic excitation field
and a constant external magnetic induction field B ext
in the slab plane (see axes xˆ, yˆ, zˆ on Fig. 1). The
existence of a magnetic induction field B T can be un-
derstood as follows. In an insulator like YIG, there is
no drift current. Thus, an induced magnetization force
density MY ∇yB T balances the thermal force density
−nY kB∇y T , i.e.
MY ∇yB T = λY nY kB∇y T , (1)
where the index Y refers to YIG, λY > 0 is a phenomeno-
logical dimensionless parameter, MY is the magnetiza-
tion of YIG and nY is the Bohr magneton number density
of YIG. The magnetization MY is the sum of the satu-
ration magnetization and the magnetic linear response,
i.e.
MY = MSY +mY where mY ·B ext = 0 . (2)
As detailed in reference11, the magnetic induction field
B T induced by the temperature gradient ∇y T can be
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2written as,
B T = εMY ×∇y T , (3)
where the phenomenological vector εMY is given by,
εMY = −
λY nY kB
M2SY
(∇−1y ×mY ) . (4)
Hence, the thermally induced magnetic induction field
B T is oscillating at the frequency of mY .
III. MAGNETOPHORESIS
The continuity of the orthogonal component of the
thermally induced magnetic induction field B T across
the junction between the YIG and the Pt is ensured by
Thomson’s equation, i.e.
∇ ·B T = 0 . (5)
Therefore, the normal component of the magnetic induc-
tion field B T is acting also on the Pt electrode. Mag-
netophoresis occurs in a Pt electrode that is sufficiently
thick to be treated thermodynamically and sufficiently
narrow for the temperature gradient to be neglected.
The interaction between the magnetization of the con-
duction electrons of the paramagnetic Pt electrode and
the thermally induced magnetic induction field in the fer-
romagnetic YIG slab results in a magnetization force that
leads to the diffusion of the conduction electrons along
the electrode, i.e. magnetophoresis. This generates in
turn an electrostatic potential gradient ∇x V across the
Pt electrode (see Fig. 1) which can be thought of as a
magnetophoretic electrochemical voltage. The existence
of an the electrostatic potential gradient orthogonal to
the temperature gradient depends on the orientation of
the external magnetic induction field, as we shall show.
Concretely, in the Pt electrode, the thermodynamic
formalism11 yields linear phenomenological relations be-
tween the electric current density and the magnetization
and electrostatic forces densities respectively. By identi-
fying the electric current in these relations, the electro-
static force density − qP ∇x V resulting from the drift of
the conduction electrons is found to be proportional to
the magnetization force density MP ∇xB T generating
the drift, i.e.
− qP ∇x V = λP MP∇xB T , (6)
where the index P refers to Pt, qP < 0 is the charge
density of conduction electrons, MP is the magnetiza-
tion of the conduction electrons in the Pt electrode and
λP > 0 is a phenomenological dimensionless parameter.
The magnetization MP is the sum of the paramagnetic
contribution due to the constant external field B ext and
the linear response mP to the stray magnetic induction
field generated by the propagating magnetization waves
in the ferromagnet, i.e.
MP =
χP
µ0
B ext +mP where mP ·B ext = 0 , (7)
µ0 is the magnetic permeability of vacuum, χP is the
Pauli susceptibility of conduction electrons in Pt. As
shown in reference18, the magnetization force density can
be expressed in terms of the magnetization current den-
sity, i.e.
MP ∇xB T = (∇x ×mP )×B T . (8)
Thus, the relations (6) and (8) imply that the electro-
static potential gradient generated by transport of the
conduction electrons is given by,
∇x V = − λP
qP
(
(∇x ×mP )×B T
)
. (9)
This effect is shown on Fig. 1 for a YIG slab with a Pt
electrode.
IV. MAGNETIC NERNST EFFECT
The voltage difference derived from ∇x V in equa-
tion (9) is a Magnetic Seebeck effect detected electrically
through the magnetophoresis of the conduction electrons
in the Pt electrode. We show now explicitly this effect in
the form of a Nernst effect. In a sense the Magnetic
Nernst effect is a thermally induced magnetophoresis.
In the Magnetic Seebeck effect, the temperature gradi-
ent ∇y T imposed on the YIG slab induces a magnetic
induction field B T that is oscillating in an orthogonal
plane. Through magnetophoresis, this field generates an
electrostatic potential gradient ∇x V across the Pt elec-
trode. Using the Magnetic Seebeck effect (3) and the
definition (4), the electrostatic potential gradient gener-
ated by magnetophoresis (9) is recast explicitly as,
∇x V = γPY (∇x ×mP )×
( (∇−1y ×mY )×∇y T) ,
(10)
where
γPY =
λP λY nY kB
qP M2SY
. (11)
Using the Jacobi identity for the cross product, the linear
relation (10) yields the Magnetic Nernst effect, i.e.
∇x V = Nzm ×∇y T , (12)
where the phenomenological vector Nzm is given by,
Nzm = γPY (∇x ×mPz)×
(∇−1y ×mY z) (13)
with mPz = (zˆ ·mP ) zˆ and mY z = (zˆ ·mY ) zˆ in order
to satisfy the vectorial symmetries and contribute to the
3effect. The structure of equation (12) relating the gradi-
ents ∇y T and ∇x V is that of a Nernst effect. In place
of a magnetic induction field, there is a phenomenologi-
cal vector Nzm, which depends on the out of equilibrium
magnetization in the YIG slab. This effect is illustrated
on Fig. 1 for a YIG slab with a Pt electrode, and a surface
coil is presumed to excite the ferromagnetic resonance.
Bext
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xˆ zˆ
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FIG. 1: YIG slab with a Pt electrode connected to a voltmeter
and excited by a local probe.
In order to determine the structure of the Magnetic
Nernst vector Nzm, we perform a Fourier series expan-
sion of the linear response fields mPz and mY z. In a
stationary regime, the Fourier transform of the response
fields are expressed in terms of real parameters as,
mPz =
∑
kP
mkP z sin (kP · r − ωkP t+ φkP ) zˆ , (14)
mY z =
∑
kY
mkY z sin (kY · r − ωkY t+ φkY ) zˆ , (15)
where φk and ϕk are the dephasing angles and ωk is
the angular frequency of the eigenmodes k. Finally, the
Fourier decompositions (14) and (15) imply that the re-
lation (13) is recast in terms of the eigenmodes as,
Nzm = γPY
∑
kP ,kY
kPx k
−1
Yy
mkP zmkY z (16)
· cos (kP ·r − ωkP t+ φkP) cos (kY ·r − ωkY t+ φkY) zˆ ,
where kPx = xˆ · kP and k−1Yy = yˆ · k−1Y . The magnetic
waves vectors in YIG and Pt are collinear to the external
magnetic induction field, i.e. kP ×B ext = 0 and k−1Y ×
B ext = 0, which implies that kPx = kP sin θ and k
−1
Yy
=
k−1Y cos θ where θ is the orientation angle between the
temperature gradient and the external magnetic field in
the plane of the YIG slab as shown on Fig. 1. Moreover,
the specific mode k = kY = kP corresponding to the
excitation frequency ω ≡ ωk of the magnetization waves
in YIG and Pt is determined by the quadratic dispersion
relation of the magnetization waves , i.e. ωk = Ak
2
where A is the stiffness. Thus, choosing the initial time
to cancel the dephasing of the magnetization in YIG and
using the trigonometric identity,
cos (k · r − ωt+ φ) cos (k · r − ωt) =
1
2
(
cosφ+ cos (2k · r − 2ωt+ φ)
)
,
(17)
the Magnetic Nernst vector (16) is recast as,
Nzm =
γPY
4
mkP zmkY z sin (2θ)
·
(
cosφ+ cos (2k · r − 2ωt+ φ)
)
zˆ ,
(18)
where φ ≡ φkP and φkY = 0 . In the homogeneous elec-
trode, the electrostatic potential varies linearly along the
xˆ-axis, i.e. xˆ ·∇V = ∆V/`x where `x is the length of
the electrode. Thus, the voltage across the electrode is
given by,
∆V = `x xˆ · (Nzm ×∇y T ) . (19)
The expressions (18) and (19) imply that the voltage ∆V
along the electrode consists of DC and AC contributions.
The DC contribution is proportional to cosφ, which im-
plies that it is maximal in the absence dephasing between
the magnetization in Pt and YIG. The AC contribution
is oscillating with an angular frequency 2ω that corre-
sponds to the double of the excitation angular frequency
ω. The Magnetic Nernst effect vanishes if the external
magnetic field Bext is collinear (θ = 0) or orthogonal
(θ = pi/2) to the temperature gradient ∇y T and it is
maximal if there is a pi/4 angle between these vectors in
the YIG slab plane.
It is important to mention that the Magnetic Nernst ef-
fect is not equivalent to thermal spin pumping19. The an-
gular dependence of these two effects are different. Ther-
mal spin pumping is maximal for θ = 0 and minimal for
θ = pi/2 whereas the Magnetic Nernst effect is maximal
for θ = pi/4 and minimal for θ = 0 and θ = pi/2 .
V. CONCLUSION
In summary, a Nernst effect is predicted, which results
from the interplay between the magnetization dynamics
of a ferromagnet driven in a temperature gradient, and
the linear response of the paramagnetic electrode to the
inhomogeneous field produced by the magnetization.
First, in a magnetic insulating YIG slab, there is the
Magnetic Seebeck effect, i.e. a magnetic induction field
induced by a temperature gradient. Second, the electrical
detection of this effect in a paramagnetic Pt electrode
contacted to the slab relies on the voltage induced by the
inhomogeneous field acting on the conductive electrode,
causing a drift of charges that carry a magnetic dipole.
The voltage has a DC component and an AC compo-
nent that oscillates at twice the frequency of the field
driving the magnetization. The effect is zero when the
4applied field is parallel or perpendicular to the tempera-
ture gradient, and maximum at a 45◦ angle in between.
Hence, this effect is quite distinct from the angular de-
pendence of spin pumping or the Spin Seebeck effect.
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